Previously it was shown that left ventricular (LV) myocardial contractility can be assessed from the instantaneous relation between velocity of fiber shortening and maximum LV wall tension (VcF at max T 
SD) circumferences (circ) /sec (range, 1.37-2.52); corresponding mean VCF was 1.50 0.27 circ/sec (range, 1.23-2.03). In 22 patients with LV myocardial disease VCF at max T averaged 0.64 + 0.29 circ/sec (range, 0.12-1.27); mean VUF averaged 0.68 0.36 circ/sec (range, 0.15-1.29, P< 0.001 compared with normal subjects). Similar results were obtained in 15 patients with valvular lesions and an abnormal VCF at max T. Mean VCF detected impaired myocardial function in 95% of patients with abnormal instantaneous tension-velocity relations, and in the remaining 5% the amount of overlap between normal and abnormal mean VCF was slight. The extent of fiber shortening and the percent shortening of the internal diameter at the minor equator did not provide separation of normal from abnormal groups. It is concluded that the mean velocity of fiber shortening provides a simplified method of estimating LV contractility which: (1) requires analysis of only two frames of a cineangiogram; (2) Abbreviations: HR = heart rate; LV = left ventricular; ED -end-diastolic; P pressure; CI-cardiac index; circ = circumference; EF = ejection fraction; Sys. = systolic; Dias. = diastolic; ASD = atrial septal defect; MS = mitral stenosis; CAD = coronary artery disease; PS = pulmonic stenosis; MR = mitral regurgitation; AS = aortic stenosis; VcF = velocity of circumferential fiber shortening; max T = maximum tension.
shortening by angiography is much simpler than derivation of the instantaneous forcevelocity relation and could be determined readily from left ventriculograms performed for routine diagnostic purposes, it seemed of importance to assess its usefulness and limitations. Accordingly, the present study compares the instantaneous rate of fiber shortening at maximum wall tension with the mean rate of circumferential fiber shortening of the left ventricle. Studies were performed in patients with normal left ventricular performance, with various degrees of left ventricular dysfunction, and with associated valvular lesions.
Methods
Fifty patients, 7 to 62 years of age, were studied during diagnostic left heart catheterization. Their diagnoses are listed in tables 1-3. The first group consisted of 13 patients in whom mechanical performance of the left ventricle was considered to be normal. Tension-velocity data in six of these subjects have been reported previously.' The entire group included four patients with atrial septal defect, one with mitral stenosis, one with minimal aortic stenosis (difference in left ventricular-aortic peak systolic pressure, 6 mm Hg), two with mitral regurgitation (regurgitant fractions of 0.30 and 0.47, respectively), two with coronary artery disease but without wall motion abnormalities on ventriculography, two with functional heart murmurs, and one patient with atypical chest pain who had normal coronary arteriograms. Eleven of these patients had normal hemodynamic values (table 1) , and in two patients the left ventricular end-diastolic pressures were slightly elevated (14 and 16 mm Hg). 7 A second group was composed of 22 patients who had left ventricular myocardial disease. Twelve had idiopathic cardiomyopathy, two had idiopathic left ventricular hypertrophy, five had coronary artery disease, and three had abnormal left ventricular performance associated with mitral stenosis (pressure differences across the mitral valve ranging from 10 to 19 mm Hg) (table 2). In one patient complete heart block had recently developed with a ventricular rate of 40 beats/min. The remaining 21 patients had sinus rhythm with heart rates ranging from 65 to 105 beats/ min. The brachial arterial pressures were normal in all 22 of these patients, the left ventricular end-diastolic pressure was elevated in 14 patients, and the cardiac indices were below normal in eight patients (<2.5 liters/min/m2).
The instantaneous tension-velocity data have been reported previously in nine of these patients,' and all of the 13 additional patients had reduced tension-velocity values.
The 50 msec, did not sharpen the distinction between normal and abnormal patients, and for simplicity the mean value was utilized. Since in patients with mitral regurgitation there is no isovolumetric contraction period, in these subjects 50 msec was not subtracted. The mean velocity of shortening of the internal circumference was divided by the end-diastolic internal circumference at the minor equator. Under constant loading conditions (unchanged end-diastolic volume and aortic diastolic pressure) in two sequential beats, the mean rate of circumferential fiber shortening was reproducible in 10 patients within 0.10 circ/sec. However, under conditions of variable loading, such as occur in atrial fibrillation, the mean rate of circumferential fiber shortening might be expected to vary directly with the left ventricular enddiastolic volume. Hence in patients with atrial fibrillation and a variable ventricular response, either several beats must be analyzed and the results averaged, or a beat with a cycle length reflecting the mean heart rate should be chosen. The latter method was employed in the present study.
In 19 patients the dicrotic notch of the brachial arterial pressure pulse of the beat selected for In all groups, the extent of fiber shortening and the percentage shortening of the internal diameter of the minor equator were also analyzed and compared.
Results
The hemodynamic data and the derived mechanical data, expressed both in absolute terms and normalized for left ventricular circumference, are summarized in each group in tables 1-3.
Comparison of Instantaneous and Mean Data
In the 13 patients without left ventricular disease instantaneous velocity of the circum- In the 13 patients with normal left ventricular performance the mean velocity of circumferential fiber shortening (mean VCF) averaged 1.50-0.27 circumferences/sec (range, 1.23-2.03). This value differed significantly (P < 0.001) from that of the patients with left ventricular myocardial disease in whom mean VCF averaged 0.68 + 0.36 circumferences/sec (range, 0.13-1.29). The mean value in the patients with valvular disease causing left ventricular overload and impaired left ventricular performance was 0.87 + 0.19 circumferences/sec (range, 0.49-1.15), which also differed significantly from that of the normal group (P < 0.001). A small degree of overlap with the control subjects occurred in only two patients with left ventricular disease, while no overlap occurred in the patients with valvular disease (fig. 2) .
Extent of Circumferential Fiber Shortening
Total systolic excursion of the internal minor equator averaged 6.0 1.14 cm (range, 4.5-8.0) in the normal group. Mean values in the patients with myocardial disease and valvular disease with left ventricular dysfunction were 3.79 + 2.05 cm (range, 1.0-7.8) and 6.49 2.37 cm (range, 2.0-12.0) respectively. The difference from the normal subjects was significant only in the subjects with myocardial disease (P <00.01). Overlap with the normal group occurred in eight patients with left ventricular myocardial disease and in 12 subjects with valvular lesions (tables 1-3).
Percent Shortening of the Internal Diameter
In the normal patients the extent of shortening at the midwall averaged 35.1 + 6.0% (range, 24.8-46.9). In the patients with myocardial disease this value was 18.9 11.1% (range, 3.8-40.6) and was significantly smaller than in the normal group (P < 0.001). Overlap occurred in four patients ( fig. 3 ). In the subjects with valvular lesions and impaired left ventricular performance the average extent of shortening at the equator of the left ventricle averaged 27.2 + 8.0% (range, 8.7-39.7). Although the mean value differed significantly from the control group (P < 0.02), overlap occurred in 11 patients ( fig. 3) 12 and our own finding of an average of 1.50 circumferences/sec. A variety of factors, including size of the control group, and the more rapid rate of filming in the present investigation, which allowed more precise definition of end-diastole and end-ejection, may help to explain this difference. Moreover, Bristow et al. did not subtract the preejection period from the total time required for shortening. The diameter change that occurs in normal subjects prior to aortic valve opening averages only 1 mm." Subtraction of the preejection period of 50 msec, during which this small diameter change occurs, from the time that elapses between the end-diastolic and the end-ejection cine frames, yields a mean rate of circumferential fiber shortening which is considerably greater. When the preejection period was not taken into account in our normal subjects, the average value obtained for mean VCF was 1.28 circumferences/sec, a figure that was closer to that of Bristow et , tables 2 and 3) . Moreover, use of a "mean" ventricular circumference, derived by subtracting one-half the total amount of circumferential fiber shortening from the end-diastolic circumference, did not sharpen the distinction between patients with normal and abnormal left ventricular performance.
A major advantage of this technique is its suitability for use in the usual diagnostic cardiac catheterization laboratory. Only two single-plane angiographic frames must be drawn, the tedium of planimetry is obviated, and no estimate of wall thickness is required. Correction for X-ray magnification, although utilized in the present study, is unnecessary because the result can be expressed as circumferences/sec. Since the equatorial diameter, which is the only dimension measured, generally lies in the center of the X-ray beam where distortion is minimal, correction for the latter also is unnecessary. In the present study, measurements were made in the right anterior oblique, frontal and lateral projections, indicating that patient position probably also is unimportant for accurate results. Finally, it has recently been demonstrated that contrast material does not exert an important influence on ventricular contractility provided that early beats are selected for analysis,9 thereby further validating the use of angiographic methods in the assessment of left ventricular performance.
